O n March 28, 2011, the AOAC Board of Directors approved an alternative path to achieve Official First Action status for methods selected and reviewed using AOAC's voluntary consensus standards process. Following this process, selected methods are reviewed and approved by an Expert Review Panel (ERP) for AOAC Official First Action status. This process follows selected methods for a period of approximately 2 years as First Action methods. This allows an opportunity for methods to be used in laboratories and to generate additional information. The ERPs will monitor the method's performance; after about 2 years, the ERP will recommend the method to the Official Methods Board for Final Action if the method is found to be suitable (1) .
An ERP reviewed the method, "Simultaneous Determination of Chromium, Selenium, and Molybdenum in Nutritional Products by Inductively Coupled Plasma/Mass Spectrometry: Single Laboratory Validation," during the "Standards Development and International Harmonization: AOAC INTERNATIONAL Mid-Year Meeting" on June 29, 2011 (2) . After evaluation of the validation data available, an ERP agreed that the method meets the standard method performance requirements (SMPRs), as articulated by the Stakeholder Panel on Infant Formula and Adult Nutritionals. The ERP granted the method First Action status, applicable to infant formula and adult nutritional products. The SMPR analytical range is 20-1600 ng/g for Cr, 10-500 ng/g for Se, and 20-1000 ng/g for Mo. This ICP-MS method provides a sensitive and accurate method for the analysis of Cr, Se, and Mo in infant formula and adult nutritional products.
Many infant formulas are fortified with Se; many up-age pediatric and adult medical nutritional products are also fortified with Cr and Mo (3, 4) . Together, these three trace nutrients offer a huge challenge to any laboratory involved in testing these kinds of matrixes because they usually cannot be determined with adequate speed, accuracy, or precision. In addition, different kinds of instrumentation and sample preparation may be required versus methods in common use for major minerals. For example, inductively coupled plasma-atomic emission spectrometry (ICP-AES) techniques, used routinely to determine nine minerals simultaneously (5) , might need to be fitted with ultrasonic nebulizers to determine Cr and Mo, or with hydride generators to determine Se (6) (7) (8) . Alternative techniques, such as graphite furnace-atomic absorption spectrometry, may require complicated extraction procedures to obtain the requisite sensitivity, and they can only determine one element at a time, which precludes the use of the internal standard technique (9) .
ICP-AES instruments usually require ultrasonic nebulizers to determine Cr and Mo, or hydride generators to determine Se. The ICP-MS technique offers quantitation limits at parts-pertrillion levels using internal standards (10) (11) (12) , and the newest generation of instruments have collision reaction cells (CRCs) that can reduce or eliminate interferences from low-mass molecular ions generated by the plasma gas, organic matrix components, and solvent-acids (13, 14) . For example, using a CRC, 52 Cr can be used to determine Cr in the presence of polyatomic interferences, such as 40 Ar 12 C, and 78 Se can be used to determine Se in the presence of 40 
Ar
38 Ar (15, 16) .
In the former example, the CRC is pressurized with He gas, which collides with the larger polyatomic interferences more efficiently, causing them to lose kinetic energy relative to the smaller analyte ion ( 52 Cr); a potential barrier is applied that lets only the lighter, faster 52 Cr enter the quadrupole by kinetic energy discrimination (17) . In the second example, the reaction mode of the CRC is used: the cell is pressurized with H 2 gas (produced by a hydrogen generator), which neutralizes ionized argon dimer Ar(Ar + ) to reduce the formation of 40 Ar
38
Ar and other interfering species (17, 18) . Examples of polyatomic interferences in ICP-MS are listed in Table 1.  The isotope   95 Mo has very few interferences and does not require a collision gas, but it is determined with Cr in the He gas mode in order to save time. The determination is not truly simultaneous, but can be accomplished in 2-3 min, analogous to using both axial and radial modes in ICP-AES determinations.
Another kind of interference encountered was the enhancement of Se signals by carbon (ionization energy, 11.26 eV; 15, 16, 19) . It is suggested that the increased population of C + in the plasma increases the degree of ionization of Se by improving the transfer of electrons from Se (ionization energy, 9.75 eV) to C + (15) . The interference is overcome by adding methanol to both standards and samples. Sample preparation is easily and rapidly accomplished by closed vessel microwave digestion in Teflon vessels. Digestion takes approximately 1.5 h (including cool down), is automated, and can totally digest the sample without dangerous perchloric acid (20) . Volumetric ware is unnecessary because the internal standard is added to the vessels at the start; the digested solution is merely poured into the autosampler tube for analysis. The authors believe that this combination of closed vessel microwave digestion with ICP-AES or ICP-MS analysis and internal standardization is so compelling that it should merit first consideration for virtually any mineral analysis (21) .
This report describes a single-laboratory validation (SLV) for the determination of Cr, Se, and Mo in infant formula and adult nutritional products by ICP-MS (see Table 2 ). Given that the whole range of nutrient minerals can now be tested by similar methodology that is widely available and cost-effective (microwave-ICP-AES, ICP-MS), these methods are strong candidates to be advanced as next-generation standard reference methods for the AOAC and International Formula Council initiative recently described (22) . 
A. Principle
Test portion is heated with nitric acid in a closed vessel microwave digestion system at 200°C. Digested test solution, or an appropriate dilution, is presented to the ICP-MS instrument standardized with acid matched standard calibrant solutions. An ionization buffer (potassium) is used to minimize easily ionizable element (EIE) effects, methanol is added to normalize the carbon content, and nickel and tellurium are used as internal standards.
B. Apparatus
(a) Microwave.-Commercial microwave designed for laboratory use at 0-300°C, with closed vessel system and controlled temperature ramping capability. It is recommended that the vessel design be selected that will withstand the maximum possible pressure, since organic material, and also carbonates if not given sufficient time to predigest, will generate significant pressure during digestion. (Vessels can reach 700 psi or more on occasion.) Vessels must be designed to operate with only 6 mL solution volume, or the volume must be adjusted accordingly. Vent according to manufacturer's recommendation. (Caution: Microwave operation involves hot pressurized acid solution. Use appropriate face protection and laboratory clothing.) Additional instrument parameters are summarized in Table 2011 Table 2011 .19B).
For microwave ovens without the two stage program and where it is more convenient use the two-step digestion. Add 0.5 mL 5000 ng/mL Ni and Te internal standard solution and 5 mL trace metal-grade HNO 3 -Add approximately 20 mL laboratory water to the contents of the vessel with the digested samples and transfer to a 50 mL sample vial. Rinse the vessel and transfer the rinsate into the sample vial. Add 0.5 mL methanol to the sample vial and dilute to approximately 50 mL with laboratory water. Table 2011 .19 summarizes typical instrument parameters for analysis. Analyze test solutions using an ICP-MS instrument standardized with standard solutions. Ni is used as the internal standard for both Cr and Mo (helium mode), and Te must be used for Se (hydrogen mode). Analyze a 4 ng/mL Cr and Mo, and 2 ng/mL Se working standard or other suitable quality control solution every 10 test portions to monitor for instrument drift and linearity (result 100 ± within 5% of nominal). The inclusion of a method blank (run as a sample), a duplicate sample [relative percent difference (RPD) ≤ within 10%], and known reference materials serving as control samples (recovery check within control limits) are considered mandatory for good method performance. If any of these QC checks fails, results should be considered invalid.
F. Determination

G. Calculations
Sample concentrations were automatically calculated by the ChemStation software using a nonweighted least-squares linear regression calibration analysis to produce a best-fit line:
The analyte concentration in the sample was then calculated:
where x = analyte concentration (ng/g); y = sample response ratio (ng/mL), which is the measured count of each analyte's standard solution data point in the calibration curve divided by the ratio of the counts/concentration of the internal standard at the same level; blank = blank standard solution (ng/mL), which is the measured count of the blank standard solution data point in the calibration curve divided by the ratio of the counts/concentration of the internal standard at the same level as the blank standard solution; a = slope of the calibration curve; and DF = dilution factor of the sample solution divided by sample weight (mL/g).
H. Method Validation
(a) Linearity.-All calibration curves were prepared using a nonweighted least-squares linear regression analysis, and correlation coefficient (r) values were calculated with each calibration curve. Each calibration curve was prepared with four multielement standard solutions, including the blank standard solution. It should be noted that all analyte concentrations in samples were within linear range of the calibration curve and above the established lower linearity limit.
(b) LOQ.-The LOQ is the lowest concentration of the analyte in the sample that can be reliably quantitated by the instrument. The method LOQ is typically determined by multiplying the average SD of 10 digested blanks by a factor of 10, and the instrument LOQ by multiplying the instrument LOD by 3 (23). However, in this method the useful LOQ, or practical LOQ (PLOQ), was determined to be the lower linear limit value of the calibration curve because the accuracy and precision of sample measurements below that value would be uncertain. Almost all mineral-fortified nutritional products can be prepared with a DF such that Cr, Se, and Mo will be present in the analytical solution above the PLOQ.
(c) Matrix matching with methanol.-The presence of carbon (organic compounds) in analytical solutions causes signal enhancement of Se during analysis by ICP-MS (15, 16, 18) . To determine the optimum concentration of methanol (source of carbon) needed to compensate for Se signal enhancement, various concentrations of methanol were added to both calibration standards and digested samples.
(d) Effects of EIEs.-Many nutritional products contain significant levels of EIEs, such as Ca, Na, K, and Mg. Therefore, blank solutions and solutions containing 4 ng/mL Cr and Mo and 2 ng/mL Se were analyzed both with and without EIEs to determine any changes in concentrations of the analytes.
(e) Specificity.-Specificity of the method is its ability to accurately measure the analyte in the presence of other components in the sample matrix that might cause spectral interferences. To demonstrate the specificity of the method, undigested blank solutions were spiked with multielement solutions at concentrations that are representative of nutritional products in samples for ICP-MS analysis. The typical H 2 gas mode for Se, and He gas mode for Cr and Mo, were used.
(f) Accuracy.-Accuracy was demonstrated by analyzing three National Institute of Standards and Technology (NIST) standard reference materials (SRMs) on 2 independent days, measuring spike recoveries in 10 nutritional products on 3 different days, and comparing results for 10 nutritional products obtained by this method to results obtained by other in-house validated ICP-AES and atomic fluorescence spectrometry (AFS) methods. The spike levels of the analytes added to the products were between 50 and 200% of the analyte concentrations in each product.
(g) Precision.
-Both within-and between-day RSD values were determined by analyzing two in-house laboratory control samples. Within-day precision was determined by analyzing the laboratory control samples in duplicate on each day, and betweenday precision was measured by using the mean results of the duplicate samples analyzed on each day on 10 different days.
(h) Ruggedness and robustness.-To determine the ruggedness of the method, laboratory control samples were analyzed by two analysts on 10 different days. Also, NIST SRM 1849 was analyzed in triplicate with varying sample weights and with different internal standards.
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Results and Discussion
System Suitability
All system suitability acceptance criteria used in this validation were met. Results for the r-value and preparation blank were better than 0.9995 and less than the method criteria of 0.4 ng/mL Cr and Mo, and 0.2 ng/mL Se ( Table 3 ). The RSD values for duplicate measurement for all 10 products were <4% for Cr, <3% for Se, and <3% for Mo (data not shown). Table 4 also shows the duplicate RSD values for Cr, Se, and Mo in both laboratory controls used. The RSD values were <3%. Initial control chart values for SRM 1849 (laboratory control 1) and laboratory control 2 for 10 separate days are shown in Table 5 .
Linearity
The calibration curve of all three analytes produced r-values of 0.9997 or better (Table 3 ). In addition to the r-values, the linearity of the calibration curve was determined by analyzing multielement solutions containing 0.4, 2, 8, and 16 ng/mL Cr and Mo concentrations, and 0.2, 2, 4, and 8 ng/mL Se concentrations. The analysis was carried out in duplicate on 3 separate days. The overall average recovery for each concentration of all analytes was between 95 and 103%, with precision values ranging from 0.3 to 2.7% RSD (Table 6 ). These results demonstrate that good linearity from 0.4 to 20 ng/mL for Cr and Mo, and from 0.2 to 10 ng/mL for Se calibration curves was achieved. Below 0.4 ng/mL for Cr and Mo, or below 0.2 ng/mL for Se, the measured recoveries were outside the range of 95-105% (data not shown). The method requires all sample analytical solution concentrations to be above this lower linearity limit to prevent excessive bias (>5%) due to nonlinearity. The lower linearity limit, thus, represents the PLOQ for this method. Note that the lower linearity limits are well above the instrumental LOQ for these elements. Table 7 shows that the instrument LOQs obtained for Cr, Se, and Mo were 0.03, 0.03, and 0.01 ng/mL, respectively. These values are approximately one order of magnitude smaller than the PLOQ values. The sample PLOQs, calculated from the PLOQs for Cr, Se, and Mo in approximately 0.2 g powder and 1.0 g liquid samples, diluted to 50 mL solutions, are also shown in Table 7 . DFs for powder and liquid products were 250 and 50, respectively. If the analyte concentrations in the products are lower than the PLOQs, larger sample weights should be used. Powder and liquid samples should be less than or equal to 0.5 g and 3 g, respectively.
LOQ
Matrix-Matching with Methanol
Initially, 2% methanol was added to both standards and digested samples (SRMs 1849 and 8415), but substantial accumulation of carbon deposits on the cones and ion lenses resulted in signal drift and loss of sensitivity after analyzing a few samples. Therefore, the concentration of methanol in the calibration standards and SRM samples was reduced to 1.5, 1.0, or 0%. The concentrations of Cr, Se, and Mo in the SRMs with the reduced methanol concentrations are shown in Table 8 . In the absence of methanol, the concentrations of Se in both SRMs were high, outside the reference value ranges, whereas Se concentrations in the SRMs containing 1 and 1.5% methanol were comparable and within the reference value ranges. Also, the Se spike recovery in SRM 1849 was 113.5% in the absence of methanol, but 101.3 and 102.2% in 1 and 1.5% methanol, respectively. The spike recovery values for Cr and Mo ranged from 96.4 to 105.7%. It is important to note that the various concentrations of methanol had negligible effects on Cr and Mo in both SRMs, and carbon accumulations on the cones and ion lenses were not substantial enough to affect signal stability. Table 9 shows the recovery results for 4 ng/mL Cr and Mo, and 2.0 ng/mL Se in solutions containing various combinations of EIEs. A significant Cr concentration (approximately 0.7 ng/mL) was produced by Mg due to contamination of our Mg stock solution; therefore, Mg was not used in any EIE experiments. The calibration standards for this experiment were prepared with a 50 mg/L concomitant K. Recoveries between 95 and 105% of the expected values were obtained, and a standard with no EIEs added yielded close to 100% recovery of its nominal concentration. Thus, although there was relatively little effect of EIE additions on the results, we thought it prudent to add some K to the standards in case other instruments show more sensitivity to EIE effects. Table 10 shows the average results of an experiment using two groups of 10 blank solutions to determine the specificity of the method. One group of blank solutions was spiked with a multielement solution, and the other was left unspiked (i.e., a PB). The concentrations of the individual elements added to each blank solution (concentrations shown at the bottom of Table 10 ) are representative of the element solution concentrations in nutritional products. The small increase in Cr (0.000 to 0.066 ng/mL) and Mo (0.000 to 0.010 ng/mL) concentrations was likely due to contamination from the multielement standards. The Cr and Mo concentrations in the spiked PB were significantly below the PLOQ values (0.4 ng/mL for both Cr and Mo). The method PLOQ for Se, 0.2 ng/mL, was also much greater than the blank concentrations of Se in the presence of the multielement solution. These data (obtained in the H 2 gas mode for Se, and the He gas mode for Cr and Mo) demonstrate that the method is specific for Cr, Se, and Mo because only a negligible analyte signal is produced by background molecular gases or concomitant sample elements.
Effects of EIEs
Specificity
Accuracy
First, to verify the accuracy of the method, three SRMs, Infant/Adult Nutritional Powder (SRM 1849), Whole Egg Powder (SRM 8415), and Whole Milk Powder (SRM 8435), were analyzed (Table 11 ). The overall average concentrations of Cr, Se, and Mo were within the reference value specification limits of the SRMs (24) (25) (26) . The second verification of accuracy was carried out by analyzing 10 spiked nutritional products on 3 separate days. The spike levels of the analytes in the products ranged from 71 to 214%. The 3 day average spike recoveries for Cr, Se, and Mo were between 93 and 107%, with precision values ranging from 0.2 to 5.7% RSD (Table 12) . It is also important to note that the concentrations of Cr, Se, and Mo measured in all unspiked product samples were within product specification limits (Table 13 ). The results in Table 12 show that the method is accurate for the determination of Cr, Se, and Mo in nutritional products.
A third accuracy verification was carried out by comparing the results of this ICP-MS method to results obtained by in-house ICP-AES and AFS methods for 11 nutritional products, including NIST SRM 1849 (Table 14) . The ICP-AES method determined Cr and Mo using internal standards Y and Co, respectively. The AFS method, using only one Se hollow cathode lamp, determined Se without an internal standard. The results in Table 14 show that except for Cr in nutritional product J (10.7%) and Se and Mo in nutritional product A (16.1 and 15.2%, respectively), the difference between the ICP-MS and the in-house methods was less than 10%. It should be noted that the ICP-MS results were the average of 6 separate days (samples analyzed in duplicate on each day) and obtained by two analysts, while both the ICP-AES and AFS results were the average of duplicate samples on 1 day and obtained by one analyst. Therefore, at these low concentrations, the agreement between ICP-MS and the in-house methods is reasonable. The data in Table 14 also show that there may be a bias among the methods. The ICP-MS results are usually lower than the ICP-AES results for both Cr and Mo, and higher than the AFS results for Se. Given the good overspike recovery data (Table 12) , the superior sensitivity of ICP-MS versus ICP-AES, and the better precision over hydride generation techniques, especially without an internal standard, the ICP-MS method may be more accurate, but this cannot be proven conclusively.
Difficulty in exact matrix-matching may cause a bias of 1-5% with this method (see EIE discussion). Table 13 shows the intermediate precision values for 10 nutritional products analyzed by two analysts on 6 separate days (total n = 6). Precision values for all 10 nutritional products were <5% RSD for concentration values ranging from 108.7 to 1067.0, 50.9 to 819.3, and 46.9 to 1724.3 ng/g for Cr, Se, and Mo, respectively. Table 14 also shows that all nutritional product concentrations were within the product specification limits. Therefore, these results demonstrate that the method is very precise, and is well suited to routine analysis.
Precision
Ruggedness and Robustness
The results in Table 13 demonstrate that the method is very rugged. Excellent precision (<5% RSD) was obtained day-to-day, with results obtained by two analysts.
The robustness of the method was demonstrated earlier in Table 8 for Cr and Mo. The concentrations of Cr and Mo were comparable in 0, 1, and 1.5% methanol solutions. The robustness of the method was also evaluated by varying sample weights of SRM 1849 from 0.17 to 0.23 g on 2 separate days (Table 15) . Duplicate sample weights were prepared at low, middle, and high levels so that the sample weights were approximately ±10% of the nominal sample weight. The results show that varying the sample weights had little effect on the results for Cr, Mo, and Se in the samples. The overall average precision on each day, across all sample weights, was <1% RSD. Also, the difference between the average result of each analyte on each day was =5%. Another robustness study showed that when SRM 1849 was analyzed with different internal standards (Co, Ni, Ge, Y, and Te), the results were within the certified reference value concentration ranges for Cr and Mo, regardless of the choice of internal standard (Table 16 ). However, Se concentrations were significantly higher when Ni and Ge were used as internal standards, which is why Te was chosen as the internal standard. Presumably this was because Te (similar first ionization energy compared to Se) was better at correcting for carbon matrix effects on Se (27) . It should be noted that Co levels in nutritional products are negligible, and Co has proven to be an excellent internal standard in ICP-AES methods. Also, no Ni contamination from the cones was observed, but the fact that Ni is not used as an internal standard in any of our in-house methods provides us with the capability of diluting samples prepared for ICP-AES analysis and then adding Ni for analysis of Cr and Mo by this ICP-MS method. Hence, one sample preparation is used for both ICP-based methods. 
